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© Fluorogenic substrates for the detection of proteolytic enzyme activity. 

© In the prosont invontlon, continuous data acquisition of substrate hydrolysis by a protease enzyme is 
achieved through the use ot a fluorescent peptide substrate, wherein the quantum yield of fluorescence 
increases upon proteolytic cleavage of the substrate. Incubation of a viral protease enzyme with the fluorogenic 
substrate results in a time-dependent increase in fluorescence intensity which is linearly related to the extent of 
substrate hydrolysis. 
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FLUOROQENLC SUBSTRATES FOR THE DETECTION OF PROTEOLYTIC ENZYME ACTIVITY 



REFERENCE TO GOVERNMENT GRANT 



The invention described herein was made with Government support under Contract Number AJ27220- 
5 01, awarded by the National Institute of Allergy and Infectious Diseases. The Government has certain rights 
to this Invention. 



BACKGROUND OF THE INVENTION 
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1 . Fold of the Invention 

is The present invention relates to tho field of the detection and measurement of proteolytic enzyme 
activity. In particular, the invention relates lo fluorogenic assays for the detection and measurement of 
protso lytic enzyme activity, and the fluorogenic substrates therefor. 



20 2. Description of Related Art 



Retroviruses constitute a family of single-stranded RNA-containing viruses that cause a variety of 
diseases In animals and man. [R. Weiss, ct at., RNA Tumor Viruses (Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, 1985.)] These viruses replicate via a DNA intermediate which Is synthesized by a 

25 vtral-encoded reverse transcriptase. As with other classes of positive- strand RNA viruses, retroviral proteins 
are initially synthesized as large polyprotein precursors which are later processed by postradiational 
cleavage. The internal structural proteins, replicative enzymes, and envelope glycoproteins of retroviruses 
are encoded by the gag, pol and env genes, respectively. Translation of the polycistronic viral messenger 
RNA (mRNA) results In the synthesis of two precursor polyprotelns: Pr 9 * 3 , which contains the structural 

so capsid proteins, and Pr 9 ^" po ', a read-through protein that contains both the structural proteins and the 
replicative enzymes. The env gene products are translated as a precursor polyprotein from a separately 
spliced mRNA transcript. Retroviruses also encode a small. 10-12 kilodalton (kd) protease which Is 
generally expressed as part of the Pr^'P 0 ' precursor, except in the case of the avian retroviruses, where it 
is synthesized as tho C-terminal portion of Pr^ [S. Oroszlan & T. Copeland. Curr. Top. Microbiol. 

35 Immunol. 115, 221(1985)]. 

Retroviral proteases are responsible for the processing of both Pr** and PrW d precursor polyproteins 
at specific claavage sites. Cleavage is believed to occur during or after virion assembly and has been 
shown, in the case of the human immunodeficiency virus (HIV) and murine leukemia virus, to be required 
for the maturation of infectious virus particles. [S. Crawford, et at, J. Virol. 53. 899 (1985); t Katoh, et at, 

40 Virology 145, 284 (1985); N.E. Kohl et at, Proc. Natl. Acad. Set. U.S.A. 85, 4684 (1988).] Thus in regard to 
AIDS, the inhibition of HIV protease activity has become an important goal for antiviral drug design efforts, 
and the detection of proteolytic activity is concomitantly important for monitoring drug therapy and 
diagnosing disease. 

A variety of techniques have been previously employed to measure retroviral proteolytic activity, 
4$ including analysis of the gag polyprotein and its cleavage products by Western blot [I. Katoh, et al., Nature 

329, 654 (1987); S. Seelmeier. et at, Proc. Natl. Acad. Set. 85. 6612 (1988); C.Z. Giam, et at, J. Blot Chem. 

263, 14617 (1988); J. Schnaldar, et at, Cell 54, 363 (1988); J. Hansen, et at, EMBO J. 7, 1785 (1988); M.C. 

Graves, et at, Proc. Natl. Acad. Sci. B5. 2449 (1988)], high performance liquid chromatography (HPLC) [S. 

Billich, et et, J. Biol. Chem. 263. 17905 (1988); P.L Darke, et et, J. Biot Chem. 264, 2307 (1989); P.L. 
so Darke, et al., Biochem. Biophys. Res. Comm. 156, 297 (1988); A.D. Richards, et at, FEBS tett 247. 113 

(1989); T.D. Meek, et at, Proc. Natl. Acad. Set 86, 1841(1989); R.F. Nutt, et at, Proc. Natl. Acad. Sci. 85. 

7129 (1988); H.G. Kraussllch. et at, Proc. Natt Acad. Set 86, 807 (1989); M.L. Moore, et at. Biochem. 

Biophys. Res. Comm. 159, 420 (1969)], or thin-layer electrophoretlc analysis of synthetic peptide cleavage 

fragments [M. Kotler, et at. Proc. Natt Acad. Set 85, 4185 (1988); M. Koller, et at. J. Biol. Chem. 264, 3428 

(1989).] Each of these methods are relatively time-consuming and impractical for screening and characteriz- 



2 



EP 0 428 000 A1 



to 



ing large numbers of protease inhibitors. These methods are also lacking in precision far enzymologeal 
studies because they do not allow tor the continuous measurement of the protease reaction lanetics. 

The feasibility of applying intramolecular resonance e.oergy transfer to the measurement of hydrolase 
activity was demonstrated nearly two decades ago. [S.A. Latt et al.. Anal. Biochem 50. 56 (1972); A. 
Carmel et al FEBS Lett 30. 11(1973)] Since then, however, the use of the methodology (or analogous 
quench'ing-cleavage strategies) for protease assay design has seen limited practical applicelion [A .Yaw*, et 
al.. Anal. Biochem. 95. 22B (1979) and references therein; A. Persson, et al. Anal. B-ochem^ ra 2W1977). 
N. Nishino. et a.., J. Biol. Chem. 255. 3482 (1980); C. Deyrup, et al . - *naU *<°*™- ™- 
Rlippova. et al., Bioorg. Khim. 12. 1172 (1986); J. Pohl. et el.. Anal. B,ochem. 165. 95 (1987): S.J. Pollack, 
et al.. J. Am. Chem. Soc. 111. 5961 (1989).! 



SUMMARY OF THE INVENTION 



The present invention involves a novel fluorogenic substrata made from a fluorescent donor and a 
quenching acceptor attached to a peptide, wherein the peptide has a configuration sufficient to enable 
intramolecular resonance energy transfer between the fluoresce! donor and the quenching acceptor, and 
wherein the peptide can be cleaved by a viral protease enzyme. Typically the pept.de separates tt*» 
» fluorescent donor and the quenching acceptor et a distance of less than about 100 angstoros . The 
fluorescent donor can be attached to the peptides Oterminus. and the quenching acceptor can be attached 
to the peptide's N-termlnus, or visa versa. 

ThVnovel substrates can be advantageously used In assays for detecting the presence or activity of a 
viral protease enzyme In a test sample. In such an assay, the test sample Is combined w,.h a fluorogenic 
. 5 substrate of the present Invention, and if the enzyme is present in the test sample then the enzyme cleaves 
the substrate, thereby separating the fluorescent donor and the quenching acceptor. The resultant fluores- 
cent emission can then be detected or measured. ...... .• •. . 

The substrates ot the present Invention can also be advantageously used to detect the activity of a 
protease enzyme inhibitor. In such an assay, the inhibitor, a protease enzyme and a fl^ogen,c substrate 
are combined The effectiveness of the enzyme inhibitor Is Indicated by the extent to wh.ch the enzyme .s 
inhibited Irom hydrolyzing the substrate. , . 

The novel substrates enable the continuous monitoring of the donor's fluorescent emission caused by 
substrate hydrolysis. Because ol their simplicity and precision in the determination of reaction rates 
required tor kinetic analysis, these assays offer many advantages over conventional essays us.ng h-gh 
performance liquid chromatography or electrophoresis techniques. The substrate, have been MpeaeHy 
useful in detecting the presence or inhibition of human immunodeficiency v,rus protease and avian 
myeloblastosis virus (AMV) protease. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



PIG | depicts the absorption spectrum and the technical fluorescence spectrum of 5^2-amlnoethyl)- 
8 mlno)naphthalene-1-sulfonic acid (EDANS). and the absorption spectrum of 4-(4-dimethyiam.rophenyl) 

45 R?T*pShB^^ioc/«n$ for fluorescence and 475 nanometers absorbance of the fhwogenie 
substrate DABCYL-gaba-Ser-Gln-Asn-Tyr-Pro-lle-Val-Gln-EDANS (Substrate I), prior to addition of HIV 

RoTdepicts the chromatograms for fluorescence and 475 nanometers absorbance of the products of 
so Substrate I following hydrolysis by HIV protease. , _. 

FIG. 4 depicts the Inhibition of HIV protease activity by pepstatm ,n the form of a Dixon plot of pepstaUn 
concentration vs. Inverse of reaction velocity. 

FIG. 5 depicts the inhibition ol HIV protease activity by pepstatin in the form of a Cormsh-Bowden plot Of 
pepstatin concentration vs. substrate concentration/reaction velocity. 



ss 



DETAILED DESCRIPTION OF THE INVENTION 
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The 11 kd protease enzyme, which Is encoded by the human Immunodeficiency virus-1 (HlV-1). Is 
required for the processing of viral polyproteins and for the subsequent maturation of the infectious virus. 
Therefore, the inhibition of protease activity is a major target for the therapeutic treatment of AIDS. To 
facilitate in-depth studies on the enzymology and inhibition of HIV protease, the present invention describes 
a novel assay based upon intramolecular fluorescence energy transfer. 

The present Invention provides novel fluorescence assays for retroviral proteases, such as those 
encoded by HIV and the Rous sarcoma virus-related AMV. The assays use novel fluorogenic protease 
substrates which include a peptide structure that combines a fluorescent donor or ftuorophore with a 
quenching acceptor. Generally, the fluorescent donor and quenching acceptor are attached at the O and N- 
peptide termini, respectively. Suitable fluorescent donors for the present invention include, but are not 
limited to, fluorescein and fluorescein derivatives, N-{2-ar™nopentyl)-3-aminc-2,7KJisulfo-1,8^ac^thalimide 
dipotasslum salt (lucifer yellow) and derivatives thereof. 5-<{2-aminoethyl)amino)naphtha!ene-1 -sulfonic acid 
(EDANS), coumarin and coumerin derivatives, and equivalents thereof. Suitable quenching acceptors for the 
present invention include, but are not limited to. 2,4-dinitrophenyl <DNP). 4-(4-dimethylamfnophenyl) 
azobenzene sulfonic acid (DABCYL). 4-(4-dimethylaminophenyi) azobenzoic acid (DABCVL) and equivalents 
thereof. While virtually any fluorophore and quenching acceptor can be used in the present invention, the 
spscific donor/acceptor combination used to make a given fluorogenic protease substrate is chosen for its 
optimal eneryy transfer efficiency. 

The peptide joins the donor/acceptor pair such that the intrinsic fluorescence of the donor, e.g., EDANS, 
is dramatically reduced due to intramolecular resonance energy transfer between the fluorescent donor and 
the quenching acceptor, e.g.. DABCYL Because intramolecular resonance energy transfer becomes 
insignificant at distances beyond about 100 angstroms, the full fluorescence quantum yield of the 
fluorophore is restored after the peptide structure Is cleaved by an enzyme, such as a protease, thereby 
liberating the fluorescence quenching acceptor-peptide fragment from the fluorescence donor-peptide 
fragment of the original substrata. The peptide structure which combines the donor/acceptor combination 
can be any peptide which provides both the necessary distance between the donor and acceptor and an 
appropriate cleavage site for the protease of interest. 

Specific examples of fluorogenic protease substrates, for the continuous detection or measurement of a 
prolease reaction, include the following: 
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N ^\^*v^ s 0 r Gln -Asn-Tyr-Pro-lle-Va l-GIn , ^ 
N. ^sJJ HO H 




S0 3 *Na* 



DABCYL 



Substrate 1 



EDANS 



and 




DABCYL Substrate II EDASS 



The peptide sequence of Substrate I Is an octapeptide, Ser-Gln-Asn-Tyr-Pro-lle-Val-Gln. which cor- 
responds to the naturally occurring gag p17/gag p24 cleavage site for HIV protease which cleaves the 
55 peptid* at the Tyr-Pro peptide bond. The peptide sequence used in Substrate II. Ser-Val-Val-Tyr-Pro-Val- 
Val-GIn was designed to take advantage of possible symmetry in the active site of HIV protease. However, 
the sequence was found to be a better substrate for AMV protease. Although not a natural sequence for 
AMV protease a high Val content is predicted to enhance substrate efficiency based on an exarn.nat.on of 
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the various Cleavage sites on AMV polyprotein [T.D. Copland and S. Oro 5 zlan. in Peptides; Synthesis. 
S^ctre and Function. D.H. Rich and E. Gross. Eds. (Pierce. BocMord. IL. 1982) pp. 497-500.] A gamma- 
Z£Z£5i (gaba) spacer was inserted between to DABCYL group and ,he N-termma. Ser to nod 
potential steric hindrance of substrate binding by the bulky acceptor. 

WUh the substrates of the present Invention, an enzyme's proteolytic activity can be rnonrtored over 
time due to the continuous Increase In fluorescence Intensity; as the enzyme cleaves the pe^"> « 
ontinuous and increasing liberation ot the fluorophore. Furthermore, this Increase » Onearly related to the 
ate of hydrolysis of the fluorogenic substrate because for each mole of substrate which . s cteav « thetoU. 
fluorescent- Is Increased by the net intensity due to the presence of one mole of newly created donor- 
Se Sm nt This phenomenon has been found to advantageously serve as the basis of a sens.t-ve 
a^ntadve assay In which proteolytic reason velocity can be determined by detecting the eta* jn 
fluorescence over time. In addition, the fluorogenic substrates of the present .nvenbon can be used to 
determine an enzyme's activity In the presence of an enzyme inhibitor. Therefore, the novel substrates can 
£ advantageously used for the rapid and large-scale screening o, compounds derived from a vane y of 
sources including [existing libraries of proteolytic enzyme inhibitors and m,crob,al fermentation beers, as 

"^ZX^X^>«^ ™ - ^.ermined by the following method. A reason 
mixture Is formed by combining a protease enzyme, (e.g.. HIV protease), a protease inhibitor compound 
Z din , but not Jed to pepstatJn acetyipeps.a.in. etc.. and a fluorogenic substrate (e.g.. Substra . , , o 
he p esen. Invention. Typically, the assay reaction is performed using buffered solutes, end the eac on 
, .Led to proceed to virtual completion. The hydrolysis ol the fluorogenic substrate by the protease 
enzyme is monitored by steady state fluorescence using a spec.rofluorometer. Fluorescence intensity 
maasu emenTs c an be acquired "continuously and recorded directly by an interfaced microcomputer ^e 
^ 9 of ^orescent substrate hydrolysis can than be computed from a linear regression analysis. In this 
assa? , E^hydn** oUhe Lrogenlc substrate is directly proportional to U» concert^ ■ oft he 
protease. By omitting the protease inhibitor compound from the react,on m.xture. the rate of change „ 
fluorescent intensity due to the enzyme's activity can be determined. Virtually any protease enzyme can be 
3 b I prLn, invention. The protease enzymes used in the exem jj* «*J 

can be produced in accordance with the descriptions of J. Hansen, et al.. EMBO J 7. 178 < 968). T£ 
Meek et al.. Proc. Natl. Acad. Sci. 86. 1841 (1989); and RF. Nutt et al.. Proc. Natl. Acad. Sc. 85. 7129 
(1988) which are incorporated by reference herein. 

The success of the fluorescence Intramolecular resonance energy transfer approach ,s baud upo the 
Choice of the appropriate dono./accep.or energy transfer pair. By optimizing the energy tana far efficiency 
£ Tthe donor and acceptor, the residual fluorescence o. .he donor component of he in act substrate . 
m *m zed which in turn results In a large change in fluorescence signa. as the substrate is cleaved. T 
characteristic enables reaction rate determinations from the hydrolysis of a very small fraction of total 
substrate en aspect that is highly desirable for estimating initial reaction velocities. 

Th %l cS of EDAMS and DABCYL as one preferred denor/acceotor pair was based upon a number 
of cLs^ons. Firs,, there Is an extremely high spectra, overlap of the EDANS fluorescence emiss.on 
with the stronq visible absorption band of DABCYL, leading to very efficient energy transfer. 

Seco The use of a relatively long lived fluorescence donor, such as EDANS. leads to improved 
suppression of residual substrate fluorescence, because enhancement of in.ramole cular, '«^VJrS 
transfer due to diffusion of the donor and acceptor moieties becomes s,gn,ficant. For examp le In SubsMes 
and I the maximal donotfaccep.or separation distance (R) is expected to be ^ 
<s (assuming an extended oclapep.ide configuration). Ro. the Foers.er durance for SO - energy frans* r 
efficiency was estimated to be 33 angstroms for this donor/acceptor par. Therefore. R ,s less than Ro . and 
2 eXncy of energy transfer increases steeply with decreasing R for distances R < 
^\2LeculJLs*» coefficient of the ends of Substrate 1 to be S x ,0-' cm second E^Haas. c 
al Bicpolymers 17. 11 (1976)). a 20-fold quenching of donor fluorescence would be cChieved * " " 
50 r; anS a 65-fold quenching at R = 0.5 Ro. The donor and ecceplor could move approximately 13 
anostroms relative to one another during the excited state lifetime of EDANS. 

rTTas Sated using a value of 0.67 lor the orientation factor, which is valid when donor and 
accelr oUS£?«*«* -domization - relative orientations during the excited state ,Mm. 
oTftfdcS D- Stryer, Ann Rev. Biochem. 47, 819 (1978) for a review of resonance energy transfer 
5S c l utatlr This assumption was considered reasonabte because of the considerable ^ flexlb, My c Mho 
JS DABCYL Mid EDANS linkages to the peptide, as we.l as the flexibility of the pepbde . se J^££ 
don=r quantum yield (Q) ol 0.13 was used on the basis of the yield measur d for ^ ^^s'ratc Jagrn^nl 
Pro-lJval-GlM-eDANS. made by comparison to quinine su.late m 1 N sulfunc OC-d [Q- 0.546, .J.N. 
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Demas, ot al., J. Phys. Chem. 75, 991(1971).] 

Third the detectability of EDANS is enhanced by several factors, including its moderately good 
quantum yield reasonable stability against photobleaching. and a large spectral separation of its absorption 
and emission bands. Figure 1 illustrates the absorption spectrum and the technical fluorescence spectrum 
of EDANS as welt as the OABCYL absorption spectrum. The figure illustrates the overlap of the EDANS 
fluorescence and the OABCYL absorption spectra, which leads to their efficient rate of energy transfer as a 
donor/acceptor pair. T*e absorption spectrum of EDANS is included to show the large spectral separation of 
its absorption and emission bands (Stokes shift of over 100 nanometers), which resulted in the ability to 
detect low concentrations of EDANS, and therefore, further enhanced the sensitivity of the assay. 

Fourth, the solubility of EDANS in water is particularly beneficial for solubilizing hydrophobe peptides 
such as those which are suitable for use In fluorogenic substrates for HIV protease. - 

Fifth the well-separated visible absorption band oF DABCYL facilitates substrate purification and 
quantitation, as well as the analysis of the substrate fragments produced by proteolysis. The fact that 
DABCYL is also non-fiuorescent improves the detectability of EDANS fluorescence because it allows the 
latter to be measured using cut-off filters or very wide band pass monochromator slits or filters. In principle 
It should be possible to utiliza an acceptor which is also fluorescent and to obtain reaction rates by 
monitoring the time-de pendent decrease In sensitized acceptor fluorescence. In practice, however, obta.ning 
comparable sensitivity by use of this method is more difficult because it requires using a donor/acceptor 
pair in which (1) the donor can be excited without significant direct excitation of the quenching acceptor, 
and (2) the acceptor and donor fluorescence spectra are weli-separated from one another. 

In the present invention, intramolecular resonance energy transfer can be effectively used to assay 
retroviral protease activity even when relatively large peptides are used in the fluorescent substrates. The 
simplicity rapidity, and precision of the Intramolecular resonance energy transfer assay facilitates its 
adaptation to many uses and formats. The substrates are especially useful for etymological studies and 
for the characterization of compounds which may be of value as protease inhibitors. For large scale 
screening, the intramolecular resonance energy transfer assay lends itself readily to automated formats 
such as the 96-weil fluorescence plate reader. The intramolecular resonance energy transrer approach is 
also useful in studies on the substrate specificity requirements of the retroviral proteases, because an 
efficient donor/acceptor pair can be employed with virtually any peptide sequence or macromolecule, 
requiring only that Ihe donor and acceptor groups can be positioned so as to minimally perturb the 
enzyme/substrate interaction. 

The invention is further illustrated by the following examples and experiments. 
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Preparation of Fluorogenic Substrates 

The following example describes the preparation of fluorogenic Substrate I. The fluorescent donor was 
EDANS and the quenching acceptor was DABCYL linked via a gaba spacer. 

The Ser-Gln-Asn-Tyr-Pro-lte-Val-GIn and Ser-VahVal-Tyr-Pro-VahVal-GIn octapeptides (Multiple Peptide 
Systems. San Diego. CA) of Substrates I and II were derivatized using conventional condensation chemistry 
of DABCYL and EDANS with the octapeptides' amino and carboxyl termini, respectively. 

a Preparation of DABCYL-eaba-N-hydroxy-succinim 

4-(p-Dimethylaminophenyl-azo)-benzoic acid (dabcyl-OH), prepared by adding a sufficient . amounl i of pH 
4 0 buffer to a solution of the corresponding sodium salt (available from Sigma. St Louis. MO) in bo.l.ng 
water was dissolved in dimethyl formaldehyde (DMF), and 1.3 equivalents each of d.cydohexyl car- 
bodlirrvde (DCC) and N-hydroxysucclnlmide (NHS) were added. After completion of the reaction, as 
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of pure DABCYL-gaba-NHS. 
' 5 k o 1!!:!:!!! nn nt DABCYL-naba-Ser-Gln-A sn-Tyr-PfQ-lle-Val-Ojl 

and trlethylamlne (approx,mataly 0.2 mL. excess m> ^ tem percture overnight, the 

■ ,,111 rjr-r-u p- — 

(GO mg) was obtained as a dark red sold upon filtration. 
* c. Prepay dDABCY^^ 

to HPLC purification. s9 hasB column (21 x 250 mm); and pi) a 

HPLC cordons included ^^J^ mM ^/acetate [NaOAc], P H 5) for 10 annuls 
solvent gradient using solvent A (100 A weter win iv " H 5) ^ a p eriod 0 » 

35 then linear gradient to 60 % solvent B (90% ^ the desired HPLC peak had a ra«o 

60 minutes. Typicaliy. when a d U al<hannel UV VBftWWW ( 
0 , absorption a. 490 nrn to absorption at ^^^^Sm Tha residue was treated 
The fractions that contained the Z ^**™ evaporated to dryness, and the 

e0 ^J?SZrX^&2»>~- A crystal dark red solid ,,0 mg) .as 
obtained upon filtration. 



Example 2 
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Fhiorogenls Assay for Screening Inhibitors of HIV Protease 

The inhibitor compound ( P ep,,fin. Wj£^£™'£^jX^ 
dM- with DMSO to 30 times the ^ "/f^^^/J chloride. 1 mM ethylenediamlne 

slowly added to a buffer solution (380 UU 0.1 M NaOAc, l m soo yi g 0r0U sly vortexing. to 

SJcetale. 1 mM d^reito. and 1.0 mg/m, ^JJ^J^ 

COT Co«e- enzyme. H.V protease, was diluted w* the buffer so.ulion which Mh« contained 10% 
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DMSO to form a protease enzyme solution (6.7 nM; 73 ng.'mL). The protease enzyme solution was stored 
on ice 

A fluorogenic Substrate I solution (24 uM; DABCYL-gaba-Ser-GIn-Asn-Tyr-Pro-lfe-Val-Gln-EDANS) was 
prepared by diluting the substrate (480 nM in pure DMSO) 20-fold with buffer while vigorously vortexlng. 

s The substrate solution wa3 also stored at room temperature. 

The assay reaction was carried out in a fluorescence microcell (3 mm), for which a total sample volume 
of 120 microliters is adequate in most fluorometers. The enzyme solution (20 ill) was mixed with the 
inhibitor solution (80 nL) directly in the microcell. The microcell was placed in the ftuorometer cell holder, at 
30* C tor at least one minute. Prewa/med substrate solution (20 uL at 30 C) was then added to the 

10 microcell, and the fluorescence intensity of the reaction mixture was recorded as a function of time. The 
first two minutes of data were ignored to ensure complete temperature equilibration of the reaction mixture. 
The rate of change of the fluorescence intensity over the subsequent five to eight minutes was determined 
by linear regression. The observed rata was directly proportional to the moles of substrate cleaved per unit 
time. Therefore, the per cent inhibition was- calculated as 100 x (1 - (rate In presence of inhibitor)/(rate in 

/s absence of inhibitor)). 

Exarnpi: 3 



Fluorogenic Assays for Protease Eruyrnes 

25 Rate measurements of the change of the fluorescence intensity over time were also performed for 
reaction mixtures containing a protease enzyme and a fluorogenic substrate of the present invention. The 
assays were performed substantially in accordance with the procedure described in Example 2, with the 
exception that the inhibitor compound was omitted. 

oo 

Example 4 



os HPLC Analysis of the Fluorogenic Substrates 

The following example describes the HPLC analysis of the novel fluorogenic substrates and their 

reaction products. . 

40 Analytical HPLC and the isolation of substrate fragments were performed in accordance with metnods 
well known in the art on a Hewlett Packard 1090M system equipped with diode array absorbance and 
fluorescence detectors, using either a Brownlee 250 x 4.6 mm C8 silica column at pH values below 5, or a 
Hamilton 50 x 4.1 mm PRP3 polymer column over a pH range of 2-8. A water to ecetonitrile gradient was 
used; either 0.1% trifluoroacetic acid (pH of about 2), 10 mM sodium acetate (pH 4.9). or 10 mM Tns-HCI 

4S (pH 8) was included to vary the pH. 

The detection system permitted the simultaneous acquisition of the chromatograms for fluorescence 
and several absorbance wavelengths, as well as the absorption spectra for ell peaks. Tha fluorescence 
(excitation at 340 nm, emission at 490 nm; and 475 nm absorbance signals, which arise respectively from 
the EDANS and DA8CYL groups, were used to monitor and quantitate the fragments produced by 

w proteolysis of the substrate. t 

The chromatograms for fluorescence and 475 nm ebsorbance are overlayed in Figures 2 and 3. (Mg^) 
fluorogenic Substrate I. prior to addition of HIV protease; and (Fig. 3) products of Substrate I following 
hydrolysis by HIV protease for 2.5 hours under the conditions described in Example 2. 

The molar fluorescence enhancement of Substrate I was also estimated by HPLC analysis of HIV 

ss protease/Substrate reaction mixtures at times before the hydrolysis reaction was complete. Integration of 
the peaks on the fluorescence and 475 nm absorbance chromatograms (F.guro 2) yielded an apparent 33- 
fold enhancement of the fluorescence quantum yield of the Pro-lle-Vel-Gln-EDANS peptide fragment over 
the parent composition, Substrate I. However, a value of 40-fold enhancement that was obtained under 
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incubaKon with HIV protease Indicated complete disappearance ol the c "^!>^%f^ZlT) This 

o« Si at * ^ T^ tl Edition, these two chromophore-fcbeled tetrapepUce fragment, were 
iSZl sVnthTsizL. and their retention times on reverse phase HPLC were md^ngu.shabte from 
^ hXo tease berated fragments predicted to be the substrata's specific cleavage products. 
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Example 5 



Inhibition of HIV Protease by PepsUtin 



3S Acad. Sci. 86. 807 (1989)|. , atin „, pH 4.7, 

rl m 1 t70 M9531 which is incorporated by reference herein.] The data are presentea in 

" 'Co." oM.^SirJee lin^elds an inhibitory constant (KO 0, rz — wh,ch 

InLtes ^t ^statin is a 

Data plotted accordtng to the method of Corn.sn dowoen, pep reduced paraRel 

Example 6 



Fluorogenic Assay for AMV Protease 
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'"aSv cteaT Molecular Genetic Resources. Tampa. FL, .as a. teast Z^,^"* 
SubsTate 5 than ag inst Substrate I. Conversely. HIV protease cleaved Substrate I (3.4 uM) ten t,rnes faster 
Than Subs^ate II f 3 .4 uM). Pepstatin inhibited AMV protease fairly wea ly In h,s assay. w,th an ICso - 
(concentration ot inhibitor yielding 50% inhibition) ot about 40 nwomoles (uM) at P H 6. 

Example 7 

Preparation of Different Fluorogenic Substrates 

The choice of both the lluorophore and the chromogenic quencher was key to the successful design of 
«he Jal protease tluorophor^quencher substrates of the present invention. Optimal spectral overlap ^ 
HSp olO- emission of the fluorescent donor with the absorption of the quenching acceptor «» M 
to cbL me lowest background fluorescence and therefore the greatest dynamic range for as «y 
Consideration was also given to the solubility ot the acceptor and donor In aqueous buffer. DABCYL was 
rhnsPfi as the Quencher and EDANS as the fluorophore based upon these considerations. 

^se^e^ of^pMdes corresponding to various cleavage sites of HIV protease and AMV protease were 
.unctnanzed , J! a DABCYL group at the N-.erminus and EDANS a. the C-terminus to form a ser.es of 
Hp^enctor protease Urates. The subsUa.es were made substantially In 
prZToLribed Love in Example 1. In this procedure it was found that the azo-type chromophobe 
was attached to the N-terminal of peptides via en acetyl 4-amino-butyric aod linkage. 

AlSSely a sulfamide of a 4-methylamlno butyric add (maba) Hnkage could be used. The 
corresponding N-labelling reagent DABSYL-maba-NHS. was prepared as follows. 

a. Preparation of N-methyl-N.[4-(4^dimethylaminophen yl)a2o : b9n i enesulfonylH-arnlno butyric acid. 
(DABSYL-maba-OH) 

r-Methvlamino butyric acid (1.0 g. excess. Aldrich Chemical Co.) was dissolved in water (50 ml), end 
the soMon Z adjusted to pH 10 with sodium carbonate. A solution o. 4-(4 -dimethy^m ncpheny ^zo- 
benzet^onW chloride (0.85 g. 2.63 mmol. Sigma) In dimelhoxyethane (30 mL) was added. The mixture 
S^ZSlSght Alter cooling, the mixture was concentrated and the 
on a silica gel column with 20% MaOH/EtOAc as the solvent to yield a red solid product (0.75 mg). 

b. Preparation of N-methyl-KH4-(4-dimeth y lamino P henyl)a zoben2enesulfonyl>r-amino btfyric acid N; 
hydroxy succlnimlde. (DABSYL-maba-NHS) 

M.methyl-N-(4.(4^imethylaminophenyl)azo-b 5 nzene- S uKonyl>r-amino butyric acid ^^ff > ^ 
0 75 g 1.9 mmole was suspended in dry dime.hoxye.tene (50 mL). N-hydroxy s ™t™ 
mm ol e ')) and dicyc lohexylcarbodiimide (0.45 g. 2.2 mmole) were added. Alter complete, ol the r« or, u 
S by TLC the mixture was filtered to remove DCU by-product. The filtrate was concentrated to 
ryS Z « re!L was triturated with methylene ^^^'^^^^Stn 
rajhed on a silica gel column with EtOAc as solvent to give the des,red product DABSYL-maba-NHS (0.90 

9) ' The peptide sequence ar.d fluorescent donor were then attached substantially in accordance with the 

described in Examples 1 and 7, are listed in Table 1. 
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Table 1 



Fluorogenic Substrates and Proteasa Activity 


r 




Substrate 


HIV protease 


AMV 


Activity 


protease 






Activity 


IDABCYL^aba-Ser-Gln-Asn-Tyr*Pro-lle-Val-G!n-EDANS 
II DABCYL-gaba-Ser-Val-Val-Tyr-Pro-Val-Val-Gln.EDANS 
ttl DABSYL-maba-Vel-Ser-Phe-Asn-Phe-Pro-Gln-lle-Thr-Leu-EOANS 

IV DABSYL-maba-Ser-GIrvAan-Tyr-Met-lle-Val-Gln-EDANS 

V DABCYL-gaba-l!e-Arg-GlrvAla-Asn-Phe*Leu*Gly*Leu-EDANS 

VI DABCYL-gaba-Ala-Thr-Leu-Asn-Phe-Pro-lle-Scr-GIn-Gkj-EDANS 

VII DABCYL-gaba-Thr-Ala-Thr-lte-MGt-Met-Gln*A/g*Gly-Glu-EDANS 

VIII DABCYL-gaba-Thr-Phe-Gln*Ala*Tyr-Pro-Lou-Arg-Gln-Ala-EDANS 


4 

HV 

Nr 

4 
4 
4 


4 

NT 
NT" 
NT 
NT 
NT 

4 



•The compound was Insutlldently soluble In the assay buffer 



NT = not tested. 



Exampla 8 



Protease Activity Towards Fluorog6nlc Substrates 



The activity of HIV protease and AMV protease towards the different fluorogenic substrates was tested 

* ^oct^t /k ^ of 103 uM and a max mum velocity for the enzymatic reacuon u. 
Substrate VII was found to be a more efficient .ubstrate the Substrate I. with a K B - 5.9 uM and l M 



1 .8 nM/minutc. 



Example 9 



Fluorogenic Donor/Acceptor Substrates with Improved Water Solubility 
provide the desired enhancement in solubility. 
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Two compounds were prepared with this fiuorophore. DAB^L-gaba-Ser-Gln-A^T^Pro. le-Val-Glrv. 

type fluo^phom The substrates were prepared substantially in accordance w,th the procedure descnbed In 

B, "JSy* Performed substantfelly in accordance with the procedure described in Example 3 have shown 
that S c™rlre H,v protease active. Data Inclcated an upper Bmlt o. solubility (or ^C^aba- 
Z ^^^eLaler yellow type fiuorophore in pH 4.7 350 UM " 

higher. In comparison with a solubility of about 150 uM for the corresponding EOANS 

in P H 4.7 buffer, the lucifer yelbw compound showed an exdtaBon nuumum at 440 nm and em, sion 
maximum a. 520. whereas the absorption maximum of DABCYL was around 470 nm , * pH4£ Thus « 
• optimal protease substrate preparations, a chrcmogenfc quencher havmg a more opfamal spectral overlap 
« L yellow type fiuorophore shouid be used to replace DABCYL acceptor grouf, _ 
ThJ second approach to enhance sdubiily was to modfy the peptide sequence, by add*g l^ «^no 
acJ* ttelelnd furthest from the cleavage site. Examples include His-Ser-Gln^n-Tyr^lle-Va.-Gln- 
His in wti c histidines boost the solubility, or Aro-Val-Ser-Phe-Asn-Phe-Pro-Gln-lle-Thr-Arg. In whrch 

m?da substantlallv in accordance with the procedure described in Example 1 

H w^ be Sedated by one skilled h the art that the concepts of the present invention are equaHy 
app a I to ruction of flucrogenic substrates for other enzymes, as wen „ > for ^ su 
substrates in a variety of fluorescent assay procedures or the production of reagent cr assay lots. The 
"etn v nlTa^hes the production o, a fluorogenic substrate, using the 
energy transfer between a fluorescent donor and a quenching accept*, lor use ,n **^J£^ 
a vJal protease enzyme The embodiments described herein are intended as examples ather than as 
HoScns LTaro^nded «o ^compass a„ equivalents and subject matter within the sp,r,t and scope of 
the invention as described above and es set forth in the following claims. 



Claims 



D5 



1 . A fluorogenic substrate. com P rising: 
a. a peptide, 

b a fluorescent donor attached to said peptide, and 

^^ZSVT^ZH^^ .or intramdecular resonance energy transfer between 
and said quenching acceptor, and wherein said peptide has a vtra. protease enzyme- 
s'* The' 'Erogenic substrate according to Claim 1. wherein saW fluorescent donor and sad quenchJng 
acceptor are separated at a distance ol less than about 100 angstroms. 

3 Tlluorogenic substra.e accorrtng to Claim 1. wherein said fluorescent ^ » I™ £ 
«, group consisting of: fluorescein and fluorescein derivatives; 

^i-naphthalimidedipotassium salt and derivatives thereof; 5 -((2-amlnoethy0amlno)naphthalene-|.sulfon.c 
arid* and coumarin and coumarin derivatives. . 

4 Tir Oogenic substrate according to Cairn 1. wherein said quenching acceptor » setoctod from , the 
g.oup consSng of 2.4-Oini.rophenyl; 4K4-dim e thyldaminophenyl) azobenzene sulfomc acd. and 4-(4- 

45 dimethylaminophenyl) azobenzoic acid and derivatives thereof. l,^' , mm lh( nM1 n 

5. The fluorogenic substrate according to Claim 1, wherein said pept.de » selected from the group 

consisting of: 

Ser-Gln-AsrvTyr-Pro-lle-Vai-GIn; 

Ser-Vel-Vai-Tyr-Pro-Val-Val-Gln; 
so Val-Ser-Phe-Asn-Phe-Pro-Gln-lle-Thr-Leu; 

Ser-Gln-Asn-Tyr-Met-lle-Val-GIn; 

lle-Arg-Gin-Ala-Asn-Phe-Leu-Gly-Leu: 

Ala-Thr-Leu-Asn-Phe-Pro-lte-Ser-GIn-Glu; 

Thr-Ala-Thr-lle-Met-rvlet-Gln-Arg-Gly-Glu; 
55 Thr-Phe-Gln-Ata-Tyr-Pro-Leu-Arg-Gtn-Ala; 

His-S8f-Gln-Asn-Tyr-Pro-lte-Val-Gln-His:and 

Ara-Val-Sef-Phe-Asn-Phe-Pro-G!n-lie-Thi-Arg. 

6. The fluorogenic substrate according to Claim 1. having either the formula: 
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or the formula: 



is 



. frS'^'"' 



Val-Vel-Tyr-Pro-Val-Val-GIn, 



DABCYL 



BDANS 



mi rioim 1 wivroln said fluorescent donor is attached to said 

rSnS^KS accordinn ,0 Cain, , w*,ein said vira. protease enzyme is a.an 
S!^JSES£ P~ 0r a c,ivi ty o. a vira. protease e.yme in a ,est sampie. comprising 
^Xbining the test sampie with a Autogenic substrate, .herein said Imogen* substrate comprises 
i. a peptide, 

acceptor; and 

^^^■J^^^ con « nuous,y detecUno said M ^ 

^atS fSlO. wherein the protease en^me is human i—ncienc, .rus 
protease, and wherein said fluorogenic substrate has the formula: 



65 
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•XT 



o H 



10 



I 

ECKNS 

DABCYL 

13. Th. assay according to Claim 10. wherein the protease enzyme is avian myeloblastosis virus protease 
and wherein said fiuorogenic substrate has the formula: 



H 



20 




DABCYL 



EDANS 



H An assay for ducting the activity of a protease enzyme inhibitor, comprising the steps Of. 

. eSU the inhibitor with a protease enzyme and a (Isogenic substrate, where.n said fluorogen-c 
subslrat9 comprises 
i. a peptide. 

K. a fluorescent donor attached to said peptide, and «,,«,.;-,„♦ 
iii a quenching acceptor attached to said peptide, whe.-ein said pept.de has a 
I inUamo Jlar resonance energy transfer between said fluorescent donor art * quench^ 
acceptor, and wherein said enzyme cleaves said substrate, thereby separahng sa,d donor and sa,d 

acceptor; and 

b delectino said donor's fluorescent emission. A „«™» 
15 TheTssay according to Caim R further comprising continuously detecting sa,d donor's fluorescent 

emission due to substrate hydrolysis. 



as 



no 
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FIG.5 
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